Background: Previous studies supported a link between the ABO blood type and survival for several types of malignancies. Nonetheless, the relationship between ABO blood type and survival in colon cancer patients has not been rigorously evaluated. The goal of this retrospective analysis was to discern the correlations between ABO blood group and colon cancer survival.
Colorectal cancer is the third-most commonly diagnosed cancer in males and the second-most common in females (Jemal et al, 2011) . Each year, more than 1.2 million new cases of colorectal cancer are diagnosed worldwide (Jemal et al, 2011) . During the past three decades, substantial developments and advances have been made in the screening, diagnosis, staging, and treatment of this neoplastic condition. However, worldwide, the disease-specific mortality rate of colorectal cancer is nearly 33% (Jemal et al, 2011) . A better understanding of the predisposing environmental and genetic factors of colorectal cancer could improve the prognoses of patients and provide therapies that are more appropriate.
The ABO gene on chromosome 9q34 encodes glycosyltransferases that catalyse the transfer of nucleotide donor sugars to the H antigen and forms the ABO blood group antigens (Yazer, 2005) . ABO blood group antigens are expressed on the surface of red blood cells and several other tissue types, including cells from the gastrointestinal tract. The relationships between ABO blood group and cancer have been a subject of interest since the mid 1900s. Laboratory investigations have provided several plausible mechanisms to explain the observed associations between ABO blood groups and cancer. These proposed mechanisms involve inflammation, immune surveillance for malignant cells, intercellular adhesion, and membrane signalling (Itzkowitz et al, 1987; Matsumoto et al, 1993; Wolpin et al, 2009) . Previous investigations have also suggested a link between inherited human blood group and malignancy, including gastric cancer (Hoskins et al, 1965) , skin cancer (Xie et al, 2010) , and breast cancer (Holdsworth et al, 1985) . However, to date, studies of the impact of ABO blood group on the survival of patients with colon cancer are of limited number and scope. Therefore, the goal of this retrospective analysis was to discern the correlations between ABO blood group and colon cancer survival in 1555 patients with colon cancer who underwent complete colon resection as their primary treatment.
MATERIALS AND METHODS
Patients. This was a longitudinal investigation, which was conducted between October 1995 and June 2002 at Sun Yat-Sen University Cancer Center. The eligibility criteria for the 1555 participants included histologically confirmed colon cancer without distant metastasis and with no previous treatment other than complete surgical resection (R0). Exclusion criteria included previous malignant disease, occurrence of a second primary tumour, non-curative resection (R1/2), or death from postoperative complications. Tumour differentiation grades were defined according to the World Health Organization criteria. Cancer staging was based on the American Joint Committee on Cancer Staging system (AJCC, 2002; Greene, American Joint Committee on Cancer., American Cancer Society, 2002) . This study was approved by the medical ethics committee of Sun Yat-Sen University Cancer Center. All patients have given their informed consent before their inclusion in this study.
All the patients underwent curative-intent surgery. Adjuvant chemotherapy, unless refused, was administered to patients with stage II (high risk: Grade III, lymphatic/vascular invasion, bowel obstruction, o12 lymph nodes examined, perineural invasion, and localised perforation) and stage III disease if they could tolerate additional treatments after curative-intent surgery. In total, 917 patients with stage II/III disease received 4-6 cycles of systemic chemotherapy. 5-fluorouracil/leucovorin regimens were performed on 594 colon cancer patients (stage II, 324 cases; stage III, 270 cases). A 5-fluorouracil/leucovorin/oxaliplatin regimen was also administered to 323 patients (stage II, 186 cases; stage III, 137 cases).
Follow-up. After completion of primary treatment, patients were followed up every 3 months in the first 2 years and every 6 months, thereafter. In May 2010, survival status was verified again using the best available methods, including checking clinical attendance records and direct telecommunication with the patients or their families (performed by The Medical Information Unit in our Cancer Center).
Assessment of ABO blood type and covariates. For the complete medical history, participants were asked their blood type (A, B, AB, O, or unknown) and their Rh factor (positive, negative, or unknown). We serologically examined the ABO blood group type and Rh factor of all recruited patients before their surgery. These determinations were carried out in the Immunohematologic Laboratory of Sun Yat-Sen University Cancer Canter.
For the complete medical history, the patients were asked the information about their tobacco use. Smoking status was classified as follows: (i) never-smoker; (ii) former-smoker who had quit41 year before diagnosis; (iii) current-smoker who was smoking at the time of diagnosis or had quito1 year prior.
Statistical analysis. Overall survival (OS) was defined as the time from the date of surgery to the date of death or final clinical follow-up. Actuarial survival rates were plotted against time using the Kaplan-Meier method, and a log-rank test was used to compare the differences between the curves. P-values were derived from two-sided tests and P-values o0.05 were considered statistically significant. The statistical analyses were performed using the SPSS 13.0 software package (SPSS, Chicago, IL, USA). Between October 1995 and June 2002 , 1555 participants at the Sun Yat-Sen University Cancer Center were eligible for analysis. The median age of the patients was 59 years (range, 19-86 years) . The distribution of the ABO blood type was 452 A blood type patients (29.1%), 382 B blood type patients (24.6%), 598 O blood type patients (38.5%), and 123 AB blood type patients (7.8%). Table 1 summarises the characteristics of the study population. w 2 test showed that AB blood type positively correlated with body mass index (P ¼ 0.027, more common in higher body mass index than low body mass index), and tumour location (Po0.001, more common in left hemicolon than right hemicolon). The frequency distributions of ABO blood groups were similar to those of the population of China (Supplementary Table) .
RESULTS

Patient characteristics.
Associations between ABO blood type and patient survival. The median follow-up period of the 1555 colon cancer patients was 78 months with 975 alive and 580 cancer-related deaths at the last clinical follow-up. The mean OS for all patients was 108.2 months. In the Kaplan-Meier analysis, ABO blood type was closely associated with OS. For the whole cohort, the OS was 7.8 months longer in patients with AB blood type (mean, 113.9 months) than those with non-AB blood type (mean, 106.1 months) (Po0.001, Figure 1A ). However, they were similar in those patients with A/B/O blood type (P ¼ 0.081). The mean OS times were as follows: blood type AB, 113.9 months (95% CI, 106.4-121.4 months); blood type O, 108.9 months (95% CI, 103.5-114.4 months); blood type B, 103.4 months (95% CI, 97.6-109.6 months); blood type A, 99.8 months (95% CI, 93.6-106.1 months). Because ABO blood type was found to be an important prognostic factor for OS, we examined the relationship between ABO blood type and survival based on patients' pathological stage. This analysis showed that ABO blood group could distinguish OS when stratified by pathological stage (stage I, Po0.001; stage II, Po0.001; stage III, P ¼ 0.001) ( Figure 1B-D) . Furthermore, we examined the relationship between ABO blood group and survival based upon tumour location. We observed a significant different in OS in patients with left hemicolon (mean OS was longer in patients with AB blood group than those with non-AB blood group, Po0.001), whereas OS was similar between AB and non-AB blood group subsets in patients with right hemicolon (P ¼ 0.123).
To determine whether ABO blood type could serve as an independent prognostic parameter, we examined OS using the Cox proportional hazards model. All the parameters found to be significant in the univariate analysis were further analysed by multivariate analysis, and the results revealed that smoking statue (Po0.001), tumour grade (P ¼ 0.002), pathologic tumour-nodemetastasis stage (Po0.001), adjuvant chemotherapy (Po0.001), and ABO blood type (Po0.001) were independent, significant predictors for OS. The details of this analysis are presented in Table 2 .
DISCUSSION
For several decades, a role for ABO blood type antigens in the development of cancer has been suspected, and earlier investigations have noted a relationship between ABO blood type and the risk of malignances (Hoskins et al, 1965; Xie et al, 2010) . However, to date, associations between blood type and colon cancer survival have not been well developed. Based on its unique aetiology, patient characteristics, blood typing, uniform treatment modalities, and long follow-up time, the current study is the first to identify the prognostic significance of ABO blood type among patients with resected colon cancer. Among the 1555 colon cancer cases examined in this retrospective study from Sun Yat-Sen University Cancer Center, we observed significantly better survival for participants with blood group AB compared with non-AB blood group participants (blood groups A, B, and O). The worst survival was observed for participants with blood type A, and intermediate survival was observed for those with blood types O and B. Using multivariate analysis, significant associations with colon cancer survival were found for smoking status, tumour grade, pathologic tumour-node-metastasis stage, adjuvant chemotherapy, and ABO blood group.
Although some earlier studies have reported associations between ABO blood group and cancer survival, the results have been inconsistent. Studies from England (Holdsworth et al, 1985) and Italy (Costantini et al, 1990) have reported poor survival among breast cancer participants with blood types AB or B or any non-O blood type. In contrast, Gates et al (2012) indicated that ABO blood group was not associated with breast cancer survival. However, a growing body of plausible mechanisms, including inflammation, immunosurveillance for malignant cells, intracellular adhesion, and membrane signalling have been proposed to explain the relationships between ABO blood group and tumour metastasis and prognosis (Nozoe et al, 2004) .
The ABO blood group are defined by carbohydrate moieties displayed on the surface of red blood cells and attached to membrane proteins and lipids. Three variant alleles (A, B, and O) of a single gene on chromosomes 9q34, the ABO gene, determine a person's blood type by encoding three glycosyltransferases with different substrate specificities. In addition to their expression on the surface of red blood cells, the ABO blood antigens are highly expressed on the surface of many epithelial cells, including gastrointestinal, bronchopulmonary, urogenital, and skin cells (Hakomori, 1999; Le Pendu et al, 2001 ). Alterations of ABO antigen expression on the surface of malignant cells, compared with normal epithelium, have been seen for a variety of tumour types (Strauchen et al, 1980; Hakomori, 1999) . Glycosyltransferase specificity has broad implications, beyond defining ABO blood type. Glycoconjugates are important mediators of intercellular adhesion and membrane signalling, two processes integral to malignant progression and spread (Hakomori, 1999) . In addition, these surface molecules are recognised by the host immune response and may have a role in facilitating immunosurveillance for malignant cells (Hakomori, 2001) .
Alterations in the host inflammatory state due to ABO blood group antigens may provide a further mechanism to explain the associations between blood type and colon cancer progression. Several studies have demonstrated a link between chronic inflammation and malignant initiation. A study of United Kingdom has revealed that two single-nucleotide polymorphisms at the ABO locus were associated with serum levels of tumour necrosis factor-alpha, an inflammatory cytokine known to modulate cell apoptosis and inhibit tumourigenesis (Locksley et al, 2001; Melzer et al, 2008) . Furthermore, Pare et al (2008) published a study which indicated a statistically significant relationship between single-nucleotide polymorphisms at the ABO locus and plasma levels of intercellular adhesion molecule 1, a molecule which has classically been associated with the functioning the inflammatory response (Yang et al, 2005) . Recently, Barbalic et al (2010) and Qi et al (2010) have replicated this finding for other serum markers of inflammation, such as E-selectin and P-selectin. These results reveal the possibility that chronic inflammation is significantly linked with tumour initiation and metastasis and suggest an additional potential mechanism by which ABO blood type may influence cancer survival. Furthermore, the loss of expression of blood group antigens with malignant transformation and tumour progression is intriguing as a possible mechanism for the association of ABO blood type and colon cancer survival in our study (Tauchi et al, 1991) . In addition, the loss of expression of blood group antigens A and B occurs during wound healing (Mackenzie et al, 1977) . Within hours following wounding, epithelial cells adjacent to the wound site exhibit loss of blood group antigens. After the healing process is complete, the antigens are expressed again. It has been hypothesised that the association between the loss expression of blood group antigens and the risk of metastasis may partially explain our observed differences in colon cancer survival. Indeed, a growing body of evidence suggests that loss of expression of ABH blood type and/or Le a antigens is linked with more aggressive tumours in cancers of the breast (Holdsworth et al, 1985; Costantini et al, 1990) and uterine cervix (Davidsohn, 1972) .
We acknowledge the limitations of our retrospective analysis. First, our study population was composed of yellow participants (Chinese population), which somewhat limits the generalisability of our results. Accordingly, the results of further investigations including more diverse populations (white/black/brown participants) from other institutes are needed to confirm our findings. In addition, not all patients had computed tomography scans or magnetic resonance imaging of the chest and/or brain at the time of diagnosis, and it is possible that some patients had asymptomatic disease at the time of primary treatment. However, this would have had a negative influence, if any, on survival.
In summary, our results suggested an association between ABO blood group and colon cancer survival. Compared with patients with non-AB blood types (blood types A, B, and O), patients with blood type AB were more likely to have a better survival. The impact of ABO blood type on malignant potential and prognosis in patients with colon cancer remains an interesting area of research, which warrants additional investigation.
